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METHOD AND APPARATUS FOR DETECTING A PLASMA 

Fipld of the Invention 

[0001] The present invention relates to detecting a plasma in a processing system 
and, more particularly, to detecting a plasma using a simple and inexpensive 
monitoring device. 

Back ground of the Invention 
[0002] The fabrication of integrated circuits (IC) in the semiconductor industry 
typically employs plasma to create and assist surface chemistry within a plasma 
reactor necessary to remove material from and deposit material to a substrate. In 
general, plasma is formed within the plasma reactor under vacuum conditions by 
heating electrons to energies sufficient to sustain ionizing collisions with a supplied 
process gas. Moreover, the heated electrons can have energy sufficient to sustain 
dissociative collisions and, therefore, a specific set of gases under predetermined 
conditions (e.g., chamber pressure, gas flow rate, etc.) are chosen to produce a 
population of charged species and chemically reactive species suitable to the 
particular process being performed within the chamber (e.g., etching processes 
where materials are removed from the substrate or deposition processes where 
materials are added to the substrate). 

[0003] During, for example, a deposition or an etch process, monitoring the plasma 
processing system can be very important when determining the state of a plasma 
processing system and ensuring the quality of devices being produced. Additional 
process data can be used to prevent erroneous conclusions regarding the state of 
the system and the state of the products being produced. For example, the 
continuous use of a plasma processing system can lead to a gradual degradation of 
the plasma processing performance and ultimately to complete failure of the system. 
[0004] Plasma can enable and/or enhance processes used by the semiconductor 
industry. In many instances it is critical that semiconductor equipment possess a 
mechanism for determining plasma presence to complete a process. In fact, 
proceeding with the manufacture of semiconductor devices without a plasma, when 
one is expected, often results in the scrapping of product. 
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[0005] Many techniques are available to monitor and detect the presence of plasma, 
however, most require cost prohibitive components and/or require physical contact 
with the plasma. 

Summary of the Invention 
[0006] The present invention provides an apparatus and method for detecting 
plasma in a processing system and, more particularly, to an apparatus and method 
for detecting a plasma using a simple and inexpensive monitoring device. 
[0007] According to principles of the present invention, a plasma processing 
apparatus used in semiconductor manufacture is provided with two RF signals 
coupled to the processing space in a vacuum chamber that is occupied by a plasma 
during processing. The apparatus is also provided with an RF detector having an 
input coupled to the processing space and configured to detect an intermodular 
product of the two RF signals. The output of the detector is coupled to the controller 
of the apparatus, to which it provides an output signal having one state when a 
plasma is present in the processing space and another state when a signal is absent 
from the processing space. 

[0008] The two signals are in the range of frequencies effective to couple energy to 
and from the plasma, depending on the parameters of the system, which range 
includes those frequencies used to excite or ignite a plasma. The two signals may 
include RF energy being coupled to the plasma to sustain the plasma. The two 
signals may also include RF energy being coupled to a substrate to bias the 
substrate. The two signals may also include RF energy being coupled to a target to 
sputter the target. More commonly, one or both of the two signals will include RF 
energy being coupled to the processing space solely for purposes of serving as a 
test signal. Any two signals, which, if multiplied together, will form an 
intermodulation product, may be used. 

[0009] When no plasma is present in the processing space, the two signals, or their 
sum, will be detectable at the detector, but certain intermodulation or multiplication 
products of the signals will be absent. When a plasma is present in the processing 
space, the plasma presents a nonlinear electrical impedance to the two signals, 
which has the effect of combining the two signals in a signal multiplier. As a result, 
certain intermodulation products are detectable at the detector. According to 
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principles of the invention, a detector is provided that is configured to detect certarn 
intermodular products from the processing space that are produced in the space 
when a plasma is present, but are not so found when a plasma is absent from the 
processing space. 

[0010] The coupling of the signals to the space and the coupling of product s.gnals 
from the space to the detector may employ antennas specifically provided for that 
purpose or may rely on a substrate support, plasma electrodes or other components 
in an RF coupling relationship with the processing space. 

[0011] The control logic of the apparatus responds to the output of the detector and 
controls the apparatus or drives monitoring devices so that the performance of the 
process can be conditioned on the ignition state of a plasma, when requ.red. 
[0012] By utilizing the nonlinear electrical impedance characteristics of the plasma, 
the present invention provides a reliable, process independent means for detect.ng 
plasma without requiring highly specialized and expensive components. 
[0013] The present invention also provides a means for detecting plasma in a 
material processing system that includes at least one low-cost RF source and at 
least one low-cost filter/detector assembly. 



RriAf npsr.ri ption of the Drawings 
[0014] These and other advantages of the invention will become more apparent and 
more readily appreciated from the following detailed description of the exemplary 
embodiments of the invention taken in conjunction with the accompanying draw.ngs, 



where: 



[0015] FIG. 1 illustrates a simplified block diagram of a material processing system in 
accordance with an embodiment of the present invention; 
[0016] FIG. 2 illustrates a simplified block diagram of another material processing 
system in accordance with an embodiment of the present invention; 
[0017] FIG. 3 illustrates a simplified block diagram of another material processing 
system in accordance with an embodiment of the present invention; 
[0018] FIG. 4 illustrates a simplified block diagram of another material processing 
system in accordance with an embodiment of the present invention; 
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[0019] FIG. 5 shows a simplified block diagram of a test signal source in accordance 
with an embodiment of the present invention; 

[0 020] FIG. 6 shows a simplified block diagram of a filter/detector in accordance w.th 
an embodiment of the present invention; and 

[0021] FIG. 7 illustrates a method for monitoring a material processing system 
according to an embodiment of the present invention. 

Detailed Des cri ption of a n Fmbodiment 
[0022] The present invention is described in the context of a number of exemplary 
embodiments in which two signals are coupled into a processing space, and the 
presence or absence of certain intermediation products of the two signals are 
detected from the processing space to determine whether or not a plasma .s present 
in the processing space. 

(0023] The present invention provides an improved material processing system that 
can include a processing tool, which can comprise one or more process chambers, 
in addition, the processing system can include a plurality of RF-responsive process 
sensors that are coupled to the processing tool to generate and transmit process 
data and at least one SIA configured to receive the process data from at least one of 
the plurality of RF-responsive process sensors. 

,0024, FIG 1 illustrates a simplified block diagram for a material processing system 
in accordance with an embodiment of the present invention. For example, matenal 
processing system f 00 can comprise an etch system, such as a plasma etcher. 
Alternately, material processing system 100 can comprise a photoresist coating 
system such as a photoresist spin coating system, and/or material processing 
system 100 can comprise a photoresist patterning system such as a lithography 
system In another embodiment, material processing system 100 can comprise a 
dielectric coating system such as a spin-on-glass (SOG) or spin-on-dielectnc (SOD) 
system in another embodiment, material processing system 100 can comprise a 
deposition chamber such as a chemical vapor deposilion (CVD) system, a physical 
vapor deposition (PVD) system, an atomic layer deposition (ALD) system, and/or 
combinations thereof. In an additional embodiment, material processing system 100 
can comprise a thermal processing system such as a rapid thermal processing 
(RTP) system. In another embodiment, material processing system 100 can 
comprises a batch diffusion furnace or other semiconductor processing system. 
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[0025] In the illustrated embodiment, material processing system 100 comprises 
processing chamber 110, upper assembly 120, substrate holder 130 for supporting 
substrate 135, pumping system 160, and controller 170. For example, pump.ng 
system 160 can provide a controlled pressure in processing chamber 110. For 
example, processing chamber 1 1 0 can facilitate the formation of a processing gas in 
a process space 1 1 5 adjacent substrate 1 35. The material processing system 1 00 
can be configured to process 200 mm substrates, 300 mm substrates, or larger 
substrates. Alternately, the material processing system can operate by generating 
plasma in one or more processing chambers. 

[0026] Substrate 135 can be, for example, transferred into and out of processing 
chamber 110 through a slot valve (not shown) and chamber feed-through (not 
shown) via robotic substrate transfer system where it can be received by substrate 
lift pins (not shown) housed within substrate holder 130 and mechanically translated 
by devices housed therein. Once substrate 135 is received from substrate transfer 
system, it can be lowered to an upper surface of substrate holder 130. 
[0027] Substrate 135 can be, for example, affixed to the substrate holder 130 via an 
electrostatic clamping system. Furthermore, substrate holder 130 can further include 
a cooling system including a re-circulating coolant flow that receives heat from 
substrate holder 1 30 and transfers heat to a heat exchanger system (not shown), or 
when heating, transfers heat from the heat exchanger system. Moreover, gas can, 
for example, be delivered to the backside of substrate 135 via a backside gas 
system to improve the gas-gap thermal conductance between substrate 135 and 
substrate holder 130. Such a system can be utilized when temperature control of the 
substrate is required at elevated or reduced temperatures. In other embodiments, 
heating elements, such as resistive heating elements, or thermo-electric 
heaters/coolers can be included. 

[0028] In alternate embodiments, substrate holder 130 can, for example, further 
comprise a vertical translation device (not shown) that can be surrounded by a 
bellows (not shown) coupled to the substrate holder 130 and the processing 
chamber 110, and configured to seal the vertical translation device from the reduced 
pressure atmosphere in processing chamber 110. Additionally, a bellows shield (not 
shown) can, for example, be coupled to the substrate holder 130 and configured to 
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protect the bellows. Substrate holder 130 can, for example, further provide a focus 
ring (not shown), a shield ring (not shown), and a baffle plate (not shown). 
[0029] In the illustrated embodiment, shown in FIG. 1, substrate holder 130 can 
comprise an electrode 132 through which RF power can be coupled to the 
processing plasma in process space 115. For example, substrate holder 130 can be 
electrically biased at an RF voltage via the transmission of RF power from RF 
system 150. The RF bias can serve to heat electrons to form and maintain plasma. 
In this configuration, the material system can operate as a reactive ion etch (RIE) 
reactor, wherein the chamber and upper gas injection electrode serve as ground 
surfaces. A typical frequency for the RF bias can range from 1 MHz to 100 MHz. 
For example, semiconductor processing systems that use 1 3.56 MHz for plasma 
processing are well known to those skilled in the art. In an alternate embodiment, 
substrate holder can be grounded or floating. 

[0030] As shown in FIG. 1 , upper assembly 1 20 can be coupled to the processing 
chamber 1 1 0 and configured to perform at least one of the following functions: 
provide a gas injection system, provide a capacitively coupled plasma (CCP) source, 
provide an inductively coupled plasma (ICP) source, provide a transformer-coupled 
plasma (TCP) source, provide a microwave powered plasma source, provide an 
electron cyclotron resonance (ECR) plasma source, provide a Helicon wave plasma 
source, and provide a surface wave plasma source. 

[0031] For example, upper assembly 1 20 can comprise an electrode, an insulator 
ring, an antenna, a transmission line, and/or other RF components (not shown). In 
addition, upper assembly 120 can comprise permanent magnets, electromagnets, 
and/or other magnet system components (not shown). Also, upper assembly 120 
can comprise supply lines, injection devices, mass flow controllers, and/or other gas 
supply system components (not shown). Furthermore, upper assembly 120 can 
comprise a housing, a cover, sealing devices, and/or other mechanical components 
(not shown). 

[0032] In an alternate embodiment, processing chamber 1 10 can comprise a 
monitoring port (not shown). A monitoring port can, for example, permit optical 
monitoring of process space 115. 

[0033] Material processing system 100 also comprises at least one source for 
providing at least two RF signals. As shown in the illustrated embodiment, test 
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signal source 190 can be used to generate and transmit at least two RF signals. For 
example, Test signal source 190 can comprise an antenna coupled to the process 
chamber for transmitting at least RF signals into the process space. In one 
embodiment, the two RF signals can be at different frequencies. Alternately, the two 
RF signals can be at the same frequency. 

[00341 Material processing system 1 00 also comprises at least one filter/detector 
device for receiving and processing RF signals generated by plasma in the process 
space 1 15. In one embodiment, filter/detector 180 can comprise a narrow-band RF- 
filter (not shown) and a diode detector (not shown). Filter/detector 180 can be 
coupled to controller 170, and can exchange data with the controller. Filter/detector 
180 can operate using a single frequency band or multiple frequency bands, and 
filter/detector 180 can operate using one or more center frequencies. 
[0035] Material processing system 100 also comprises a controller 170. Controller 
170 can be coupled to chamber 110, upper assembly 120, substrate holder 130, RF 
system 150, pumping system 160, filter/detector 180, and test signal source 190. 
The controller can be configured to provide control data to the filter/detector 180 and 
test signal source 190, and receive data such as process data from the filter/detector 
180 and test signal source 190. For example, controller 170 can comprise a 
microprocessor, a memory (e.g., volatile and/or non-volatile memory), and a dig.tal 
I/O port capable of generating control voltages sufficient to communicate and 
activate inputs to the processing system 1 00 as well as monitor outputs from the 
processing system 100. Moreover, the controller 170 can exchange information with 
chamber 110, upper assembly 120, substrate holder 130, RF system 150, pump.ng 
system 160, filter/detector 180, and test signal source 190. Also, a program stored 
in the memory can be utilized to control the aforementioned components of a 
material processing system 100 according to a process recipe. In addition, controller 
170 can be configured to analyze the process data, to compare the process data 
with target process data, and to use the comparison to change a process and/or 
control the processing tool. Also, the controller can be configured to analyze the 
process data, to compare the process data with historical process data, and to use 
the comparison to predict, prevent, and/or declare a fault. 
[0036] FIG. 2 illustrates a simplified block diagram of another material processing 
system in accordance with an embodiment of the present invention. For example, 



-8- 



material processing system 200 can comprise an etch system, such as a plasma 
etcher. Alternately, material processing system 200 can comprise a photoresist 
coating system such as a photoresist spin coating system, and/or matenal 
processing system 200 can comprise a photoresist patterning system such as a 
lithography system. In another embodiment, material processing system 200 can 
comprise a dielectric coating system such as a spin-on-glass (SOG) or spin-on- 
dielectric (SOD) system. In another embodiment, material processing system 200 
can comprise a deposition chamber such as a chemical vapor deposition (CVD) 
system a physical vapor deposition (PVD) system, an atomic layer deposit™ (ALD) 
system, and/or combinations thereof. In an additional embodiment, matenal 
processing system 200 can comprise a thermal processing system such as a rap,d 
thermal processing (RTF) system. In another embodiment, material process.ng 
system 200 can comprises a batch diffusion furnace or other semiconductor 
processing system. 

,00371 In the illustrated embodiment, material processing system 200 comprises 
processing chamber 210, upper assembly 220, substrate holder 230 for supporting 
substrate 235, pumping system 260, and controller 270. For example, pumprng 
system 260 can provide a controlled pressure in processing chamber 210. For 
example processing chamber 210 can facilitate the formation of a processing gas ,n 
a process space 21 5 adjacent to substrate 235. The material processing system 
200 can be configured to process 200 mm substrates, 300 mm substrates, or larger 
substrates. Alternately, the material processing system can operate by generattng 
plasma in one or more processing chambers. 

10038) Substrate 235 can be, for example, transferred into and out of process,ng 
chamber 21 0 through a slot valve (not shown) and chamber feed-through (not 
shown) via robotic substrate transfer system where it can be received by substrate 
m pins (not shown) housed within substrate holder 230 and mechanically translated 
by devices housed therein. Once substrate 235 is received from substrate transfer 
system, it can be lowered to an upper surface of substrate holder 230. 
,00391 Substrate 235 can be, for example, affixed to the substrate holder 230 via an 
electrostatic Camping system. Furthermore, substrate holder 230 can further include 
a cooling system including a re-circulating coolant flow that receives heat from 
substrate holder 230 and transfers heat to a heat exchanger system (not shown), or 
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when heating, transfers heat from the heat exchanger system. Moreover, gas can, 
for example, be delivered to the backside of substrate 235 via a backside gas 
system to improve the gas-gap thermal conductance between substrate 235 and 
substrate holder 230. Such a system can be utilized when temperature control of the 
substrate is required at elevated or reduced temperatures. In other embodiments, 
heating elements, such as resistive heating elements, or thermo-electric 
heaters/coolers can be included. 

[0040] In alternate embodiments, substrate holder 230 can, for example, further 
comprise a vertical translation device (not shown) that can be surrounded by a 
bellows (not shown) coupled to the substrate holder 230 and the processing 
chamber 210, and configured to seal the vertical translation device from the reduced 
pressure atmosphere in processing chamber 210. Additionally, a bellows shield (not 
shown) can, for example, be coupled to the substrate holder 230 and configured to 
protect the bellows. Substrate holder 230 can, for example, further provide a focus 
ring (not shown), a shield ring (not shown), and a baffle plate (not shown). 
[0041] In the illustrated embodiment, shown in FIG. 2, upper assembly 230 can 
comprise a means through which power can be coupled to the processing plasma in 
process space 215. For example, RF power can be provided by an RF system 250 
to a deposition system (not shown). A typical frequency for the RF bias can range 
from 2 MHz to 200 MHz. For example, semiconductor processing systems that use 
13.56 MHz for plasma processing are well known to those skilled in the art. In 
various embodiments, the substrate holder can be grounded or floating. 
[0042] As shown in FIG. 2, upper assembly 220 can be coupled to the processing 
chamber 210 and configured to perform at least one of the following functions: 
provide a gas injection system, provide a capacitively coupled plasma (CCP) source, 
provide an inductively coupled plasma (ICP) source, provide a transformer-coupled 
plasma (TCP) source, provide a microwave powered plasma source, provide an 
electron cyclotron resonance (ECR) plasma source, provide a Helicon wave plasma 
source, provide a surface wave plasma source, and provide a deposition source. 
[0043] In alternate embodiments, upper assembly 220 can comprise an electrode, 
an insulator ring, an antenna, a transmission line, and/or other RF components (not 
shown). In addition, upper assembly 220 can comprise permanent magnets, 
electromagnets, and/or other magnet system components (not shown). Also, upper 
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assembly 220 can comprise supply lines, injection devices, mass flow controllers, 
and/or other gas supply system components (not shown). Furthermore, upper 
assembly 220 can comprise a housing, a cover, sealing devices, and/or other 
mechanical components (not shown). 

[0044] In an alternate embodiment, processing chamber 210 can comprise a 
monitoring port (not shown). A monitoring port can, for example, permit optical 
monitoring of process space 215. 

[00451 Material processing system 200 also comprises at least one source for 
providing at least two RF signals. As shown in the illustrated embodiment, test 
signal source 290 can be used to generate and transmit at least two RF signals. For 
example, test signal source 290 can comprise an antenna coupled to the process 
chamber for transmitting at least RF signals into the process space. In one 
embodiment, the two RF signals can be at different frequencies. Alternately, the two 
RF signals can be at the same frequency. For example, the two RF signals can 
range from 10 MHz to 1 500 MHz. 

[0046] Material processing system 200 also comprises at least one filter/detector 
device for receiving and processing RF signals generated by plasma in the process 
space 21 5. In one embodiment, filter/detector 280 can comprise one or more 
narrow-band RF-filters (not shown) and associated diode detectors (not shown). 
Filter/detector 280 can be coupled to controller 270, and can exchange data with the 
controller. Filter/detector 280 can operate using a single frequency band or multiple 
frequency bands, and filter/detector 280 can operate using one or more center 
frequencies. 

[0047] Material processing system 200 also comprises a controller 270. Controller 
270 can be coupled to chamber 210, upper assembly 220, substrate holder 230, RF 
system 250, pumping system 260, filter/detector 280, and test signal source 290. 
The controller can be configured to provide control data to the filter/detector 280 and 
test signal source 290, and receive data such as process data from the filter/detector 
280 and test signal source 290. For example, controller 270 can comprise a 
microprocessor, a memory (e.g., volatile and/or non-volatile memory), and a digital 
I/O port capable of generating control voltages sufficient to communicate and 
activate inputs to the processing system 200 as well as monitor outputs from the 
processing system 200. Moreover, the controller 270 can exchange information with 
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chamber 21 0, upper assembly 220, substrate holder 230, RF system 250, pump.ng 
system 260, filter/detector 280, and test signal source 290. Also, a program stored 
in the memory can be utilized to control the aforementioned components of a 
material processing system 200 according to a process recipe. In addition, controller 
270 can be configured to analyze the process data, including plasma ignition data, to 
compare process data such as plasma ignition data with target process data, and to 
use the comparison to change a process and/or control the processing tool. Also, 
the controller can be configured to analyze plasma ignition data, to compare the 
piasma ignition data with historical plasma ignition data, and to use the comparison 
to predict, prevent, and/or declare a fault. For example, the plasma ignition data can 
comprise inter-modulation product data. 

[0048] FIG. 3 illustrates a simplified block diagram of another material processing 
system in accordance with an embodiment of the present invention. For example, 
material processing system 300 can comprise an etch system, such as a plasma 
etcher. Alternately, material processing system 300 can comprise a photoresist 
coating system such as a photoresist spin coating system, and/or material 
processing system 300 can comprise a photoresist patterning system such as a 
lithography system. In another embodiment, material processing system 300 can 
comprise a dielectric coating system such as a spin-on-glass (SOG) or spin-on- 
dielectric (SOD) system. In another embodiment, material processing system 300 
can comprise a deposition chamber such as a chemical vapor deposition (CVD) 
system, a physical vapor deposition (PVD) system, an atomic layer deposition (ALD) 
system, and/or combinations thereof. In an additional embodiment, material 
processing system 300 can comprise a thermal processing system such as a rapid 
thermal processing (RTP) system. In another embodiment, material processing 
system 300 can comprises a batch diffusion furnace or other semiconductor 
processing system. 

[0049] In the illustrated embodiment, material processing system 300 comprises 
processing chamber 310, upper assembly 320, substrate holder 330 for supporting 
substrate 335, pumping system 360, and controller 370. For example, pump.ng 
system 360 can provide a controlled pressure in processing chamber 310. For 
example processing chamber 310 can facilitate the formation of a processing gas in 
a process space 315 adjacent substrate 335. The material processing system 300 
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can be configured to process 200 mm substrates, 300 mm substrates, or larger 
substrates. Alternately, the materia, processing system can operate by generat.ng 
plasma in one or more processing chambers. 

[0050] Substrate 335 can be, for example, transferred into and out of process.ng 
chamber 31 0 through a slot valve (not shown) and chamber feed-through (not 
shown) via robotic substrate transfer system where it can be received by substrate 
lift pins (not shown) housed within substrate holder 330 and mechanically translated 
by devices housed therein. Once substrate 335 is received from substrate transfer 
system, it can be lowered to an upper surface of substrate holder 330. 
,0051] Substrate 335 can be, for example, affixed to the substrate holder 330 via an 
electrostatic clamping system. Furthermore, substrate holder 330 can further include 
a cooling system including a re-circulating coolant flow that receives heat from 
substrate holder 330 and transfers heat to a heat exchanger system (not shown), or 
when heating, transfers heat from the heat exchanger system. Moreover, gas can, 
for example, be delivered to the backside of substrate 335 via a backs.de gas 
system to improve the gas-gap thermal conductance between substrate 335 and 
substrate holder 330. Such a system can be utilized when temperature control of the 
substrate is required at elevated or reduced temperatures. In other embod.ments, 
heating elements, such as resistive heating elements, or thermo-electric 
heaters/coolers can be included. 

[0052] In alternate embodiments, substrate holder 330 can, for example, further 
comprise a vertical translation device (not shown) that can be surrounded by a 
bellows (not shown) coupled to the substrate holder 330 and the process.ng 
chamber 310, and configured to sea. the vertical translation device from the reduced 
pressure atmosphere in processing chamber 310. Additionally, a bellows shield (not 
shown) can, for example, be coupled to the substrate holder 330 and configured to 
protect the bellows. Substrate holder 330 can, for example, further provide a focus 
ring (not shown), a shield ring (not shown), and a baffle plate (not shown). 
[0053] In the illustrated embodiment, shown in FIG. 3, substrate holder 330 can 
comprise an electrode 332 through which RF power can be coupled to the 
processing plasma in process space 31 5. For example, substrate holder 330 can be 
electrically biased at an RF voltage via the transmission of RF power from RF 
system 350 through RF subsystem 355. A typical frequency for the RF bias can 
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range from 1 MHz to 100 MHz. For example, semiconductor processing systems 
that use 13.56 MHz for plasma processing are well known to those skilled in the art. 
[00541 As shown in FIG. 3, upper assembly 320 can be coupled to the processing 
chamber 310 and configured to perform at least one of the following functions: 
provide a gas injection system, provide a capacitively coupled plasma (CCP) source, 
provide an inductively coupled plasma (ICP) source, provide a transformer-coupled 
plasma (TCP) source, provide a microwave powered plasma source, provide an 
electron cyclotron resonance (ECR) plasma source, provide a Helicon wave plasma 
source, provide a surface wave plasma source, and provide a deposition source. 
[0055] In alternate embodiments, upper assembly 320 can comprise an electrode, 
an insulator ring, an antenna, a transmission line, and/or other RF components (not 
shown). In addition, upper assembly 320 can comprise permanent magnets, 
electromagnets, and/or other magnet system components (not shown). Also, upper 
assembly 320 can comprise supply lines, injection devices, mass flow controllers, 
and/or other gas supply system components (not shown). Furthermore, upper 
assembly 320 can comprise a housing, a cover, sealing devices, and/or other 
mechanical components (not shown). 

[0056] In an alternate embodiment, processing chamber 310 can comprise a 
monitoring port (not shown). A monitoring port can, for example, permit optical 
monitoring of process space 31 5. 

[0057] Material processing system 300 also comprises at least one source for 
providing at least two test RF signals. As shown in the illustrated embodiment, test 
source 390 can be used to generate and transmit at least two RF signals. These two 
RF signals can be combined with the RF system bias signal in RF subsystem 355 
and transmitted into the chamber using the electrode 332. In one embodiment, the 
two RF signals can be at different frequencies. Alternately, the two RF signals can 
be at the same frequency. For example, the two RF signals can range from 10 MHz 
to 1500 MHz. 

[0058] Material processing system 300 also comprises at least one filter/detector 
device for receiving and processing RF signals generated by plasma in the process 
space 315. In one embodiment, filter/detector 380 can comprise a narrow-band RF- 
filter (not shown) and a diode detector (not shown). Filter/detector 380 can be 
coupled to controller 370, and can exchange data with the controller. Filter/detector 
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380 can operate using a single frequency band or multiple frequency bands, and 
filter/detector 380 can operate using one or more center frequencies. 
[0059] Material processing system 300 also comprises a controller 370. Controller 
370 can be coupled to chamber 310, upper assembly 320, substrate holder 330, RF 
system 350, pumping system 360, filter/detector 380, and test signal source 390. 
The controller can be configured to provide control data to the filter/detector 380 and 
test signal source 390, and receive data such as process data from the filter/detector 
380 and test signal source 390. For example, controller 370 can comprise a 
microprocessor, a memory (e.g., volatile and/or non-volatile memory), and a digital 
I/O port capable of generating control voltages sufficient to communicate and 
activate inputs to the processing system 300 as well as monitor outputs from the 
processing system 300. Moreover, the controller 370 can exchange information with 
chamber 310, upper assembly 320, substrate holder 330, RF system 350, pumping 
system 360, filter/detector 380, and test signal source 390. Also, a program stored 
in the memory can be utilized to control the aforementioned components of a 
material processing system 300 according to a process recipe. In addition, controller 
370 can be configured to analyze the process data, including plasma ignition data, to 
compare process data such as plasma ignition data with target process data, and to 
use the comparison to change a process and/or control the processing tool. Also, 
the controller can be configured to analyze plasma ignition data, to compare the 
plasma ignition data with historical plasma ignition data, and to use the comparison 
to predict, prevent, and/or declare a fault. For example, the plasma ignition data can 
comprise inter-modulation product data. 

[0060] FIG. 4 illustrates a simplified block diagram of another material processing 
system in accordance with an embodiment of the present invention. For example, 
material processing system 400 can comprise a deposition system, such as a 
chemical vapor deposition (CVD) system, a physical vapor deposition (PVD) system, 
an atomic layer deposition (ALD) system, and/or combinations thereof. Alternately, 
material processing system 400 can comprise a photoresist coating system such as 
a photoresist spin coating system, and/or material processing system 400 can 
comprise a photoresist patterning system such as a lithography system. In another 
embodiment, material processing system 400 can comprise a dielectric coating 
system such as a spin-on-glass (SOG) or spin-on-dielectric (SOD) system. In 
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another embodiment, material processing system 400 can comprise an etch.ng 
chamber. In an additional embodiment, material processing system 400 can 
comprise a thermal processing system such as a rapid thermal processing (RTP) 
system. In another embodiment, materia, processing system 400 can comprises a 
batch diffusion furnace or other semiconductor processing system. 
[0061] In the illustrated embodiment, material processing system 400 comprises 
processing chamber 410, upper assembly 420, substrate holder 430 for support.ng 
substrate 435, pumping system 460, and controller 470. For example, pump.ng 
system 460 can provide a controlled pressure in processing chamber 410. For 
example processing chamber 410 can facilitate the formation of a processing gas .n 
a process space 415 adjacent to substrate 435. The material processing system 
400 can be configured to process 2400 mm substrates, 300 mm substrates, or larger 
substrates. Alternately, the material processing system can operate by generat.ng 
plasma in one or more processing chambers. 

[0062] Substrate 435 can be, for example, transferred into and out of processing 
chamber 41 0 through a slot valve (not shown) and chamber feed-through (not 
shown) via robotic substrate transfer system where it can be received by substrate 
lift pins (not shown) housed within substrate holder 430 and mechanically translated 
by devices housed therein. Once substrate 435 is received from substrate transfer 
system it can be lowered to an upper surface of substrate holder 430. 
[00631 Substrate 435 can be, for example, affixed to the substrate holder 430 v.a an 
electrostatic clamping system. Furthermore, substrate holder 430 can further include 
a cooling system including a re-circulating coolant flow that receives heat from 
substrate holder 430 and transfers heat to a heat exchanger system (not shown), or 
when heating, transfers heat from the heat exchanger system. Moreover, gas can, 
for example, be delivered to the backside of substrate 435 via a backside gas 
system to improve the gas-gap thermal conductance between substrate 435 and 
substrate holder 430. Such a system can be utilized when temperature control of the 
substrate is required at elevated or reduced temperatures. In other embodiments, 
heating elements, such as resistive heating elements, or thermo-electric 
heaters/coolers can be included. 

[0064] In alternate embodiments, substrate holder 430 can, for example, further 
comprise a vertical translation device (not shown) that can be surrounded by a 
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bellows (not shown) ooupled to the substrate holder 430 and the process.ng 
chamber 410, and configured to seal the vertical translation device from the reduced 
pressure atmosphere in processing chamber 410. Additionally, a bellows shield (not 
shown) can, for example, be coupled to the substrate holder 430 and configured to 
protect the bellows. Substrate holder 430 can, for example, further provide a focus 
ring (not shown), a shield ring (not shown), and a baffle plate (not shown). 
[0065] In the illustrated embodiment, shown in FIG. 4, upper assembly 430 can 
comprise a means through which power can be coupled to the processing plasma .n 
process space 41 5. For example, one or more components in upper assembly 430 
can be electrically biased at an RF voltage via the transmission of RF power from RF 
system 450 through RF subsystem 455. A typical frequency for the RF b.as can 
range from 1 MHz to 1 00 MHz. For example, semiconductor processing systems 
that use 13.56 MHz for plasma processing are well known to those skilled in the art. 
l0 066] As shown in FIG. 4, upper assembly 420 can be coupled to the process.ng 
chamber 410 and configured to perform at least one of the following functions: 
provide a gas injection system, provide a capacitively coupled plasma (CCP) source, 
provide an inductively coupled plasma (ICR) source, provide a transformer-coupled 
plasma (TCP) source, provide a microwave powered plasma source, prov.de an 
electron cyclotron resonance (ECR) plasma source, provide a Helicon wave plasma 
source, provide a surface wave plasma source, and provide a deposition source. 
l0 067] In alternate embodiments, upper assembly 420 can comprise an electrode, 
an insulator ring, an antenna, a transmission line, and/or other RF components (not 
shown). In addition, upper assembly 420 can comprise permanent magnets, 
electromagnets, and/or other magnet system components (not shown). Also, upper 
assembly 420 can comprise supply lines, injection devices, mass flow controllers, 
and/or other gas supply system components (not shown). Furthermore, upper 
assembly 420 can comprise a housing, a cover, sealing devices, and/or other 
mechanical components (not shown). 

[00681 In an alternate embodiment, processing chamber 410 can comprise a 
monitoring port (not shown). A monitoring port can, for example, permit optical 
monitoring of process space 415. 

[0069] Material processing system 400 also comprises at least one source for 
providing at least two RF signals. As shown in the illustrated embodiment, test 
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These two RF signals can be conned with the RF system tm > a,gna, „ RF 
subsystem 355 and transmitted into the chamber. ,n one embod,ment, the two RF 
SL can be at differen. fancies. Al.erna.ety, the two RF signa s c be a t e 
same frequency. For example, the two RF signais can range from 10 MHz to 500 

To070, Materia, processing system 400 aiso comprises at ,eas, one ****** * 
Lee ,er receiving and processing RF signals generated by plasma ,n he process 
space 455. in one embodiment, filter/detector 480 can comprise at least one 
low-band RF-fi,.er (no, shown, and associated diode detects, (no, « 
Filter/detector 480 can be coupled to controller 470, and can exchange data wrth the 
collier. Fi„er,de,ec,or 480 can opera,e using a single treguency band 
frequency bands, and «er/detector 480 can operate using one or more center 

;:;; M Teria, processing system 400 also comprises a confer 47a < — 
70 can be coupled to chamber 410, upper assembty 420, subs.ra.e holder 43* RF 
system 450, pumping system 460, fi,«er/de.ec.or 480. and test s gna source 
The controller can be configured to provide control da,a to the „„er/de.ec,or 480 a d 
2 signal source 490, and receive data such as process data from the tilter/deteCor 
480 and «es, signal source 400. For example, controller 470 can comprise a 
mi oroprocesser, a memory (e.g., volatile and/or non-vola«,e memory), nd a d,g„a, 
„0 per. capable of generating con,rol voltages sufficien, to commun.cate , and 
activate inputs to the processing system 400 as we,, as monitor outputs from the 
pm sing system 400. Moreover, the con,ro„er 470 can exchange informal w„h 
am r 410 upper assembly 420, substrate ho,der 430, RF system 450, pump.ng 
s Im 460, fJl.ec.or 480, and Test signal source 400. Also, a program stored 
in the memory can be utilized to centre, the aforementioned components of a 
2na, processing system 400 according to a process recipe. In addi.,on, con r I, 
470 can be configured to analyze the process data, including plasma igmtren data, o 
compare process da. such as p.asma ignition dafa with farge, process dato. and 
use the comparison to change a process and/or control the processrng tool. Also, 
th e controller can be configured to analyze plasma ignition data, to compare the 
p,asma ignifion data with hisforica, plasma ignition data, and to use .he companson 
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mmnrise inter-modulation product data. 

I . 5 shows a simplified block diagram of a test signal source ,n acoord nee 
I n embodiment of fhe presen, invention. In the illus.ra.ed embod.men., .est 
tna, sle 500 comprises first source 5.0, second source 520. summ,n g crcu,. 

530 isolation amplifier 540, and antenna 550. 

007 Firs, source 510 cen comprise a sine wave oscillator operating at a srngie 
Z IT Second source 520 can also comprise a sine wave oscillator operabng a. 
lie frequency. Summing circu* 530 can combine fine signal from the f,rs. 
o"c?5 0 and the signal from the second source 520 and provide the two s,gn*s 
o ssein amplifier 540. isolation amplifier 540 amplifies the two signals and 
antenna 550 is used to transmit fhe two signals. For example, antenna can e 
1Z - a processing chamber and can be used to transmi. the fwo srgnals ,n,o 

antenna and the isolation amplifier is coupled to an RF subsystem (355 FIG. 3 

XI,' The first source 5.0 and .he second source 520 comprise confro, signals for 

can operate using one or more RF frequencies in .he range from 10.0 MHz 200.0 

!oo, Z 6, Alternately, tost source 500 can further comprise a, leas, one of a power 
source receiver, transmitter, controller, timer, memory, and a housing 
^T , source 500 can be configured to generate .he two signals tor long 
lloftimeorforshortpenodsoffime. For example, fhe twosrgnals ^ 
generated during a startup period or during one or more penods ^l^Z 
Ln FIG 6 shows a simplified block diagram of a filfer/detector ,n accordance wrth 
Tib— o, toe prelen, invention. In .he illustrated embodiment, fi,.er,de.ec,or 
600 comprises antenna 610, filter 620, and detector 630. 

,0079, Antenna 610 can comprise a narrowband an.enna coupled to .he processing 
ohalr and configured to receive signals generated with the process space For 
Txam e antenna 610 can be configured to receive in.er-modula.ion produc, 
ela ed by .he non-linear impedance produced when plasma is oreatod ,n the 
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process chamber. Filter 620 can be a narrowband filter that is coupled between 
antenna 610 and detector 630. For example, filter 620 can be configured to pass 
signals in a narrow frequency range from the antenna to the detector. 
[0080] In an alternate embodiment, filter/detector 600 can comprise a power source 
that can include at least one of an RF-to-DC converter, a DC-to-DC converter, and a 
battery. For example, RF-to-DC converter can comprise at least one of an antenna, 
diode, and filter. In one case, an RF-to-DC converter can convert at least one 
process related frequency into a DC signal. In another case, an RF-to-DC converter 
can convert at least one non-process related frequency into a DC signal. For 
instance, an external signal can be provided to the converter. Alternately, an RF-to- 
DC converter can convert at least one plasma related frequency into a DC signal. 
[0081] In other embodiments, filter/detector 600 can comprise at least one of a signal 
source down converter, demodulator, decoder, controller, memory (e.g., volatile or 
non-volatile), and converters. For example, the filter/detector 600 can be used to 
receive and process narrowband and wideband signals including AM signals, FM 
signals, and/or PM signals. In addition, the filter/detector 600 can also receive and 
process coded signals and/or spread spectrum signals to increase its performance 
within a high interference environment such as a semiconductor processing fac.l.ty. 
[0082] In one example, the test signal source can be configured to provide two RF 
signals, a first signal at 120 MHz and a second signal at 106.250 MHz. A filter with a 
passband ranging from 824 MHz to 849 MHz can be used. For example, a filter from 
the cellular phone industry can be used. In this case, a seventh order 
intermodulation product (6*120 + 1*106.25 = 826.3) can be generated by the plasma 
and used as a plasma ignition signal. 

[0083] In another example, the test signal source can be configured to provide two 
RF signals at 106.250 MHz. A filter with a passband ranging from 525 MHz to 535 
MHz can be used. For example, a low cost helical filter from Toko Electronics Co. 
(TK5416-ND) can be used. In this case, a fifth order intermodulation product 
(4*106.25 + 1*106.25 = 531.5) can be generated by the plasma and used as a 
plasma ignition signal. 

[0084] In another example, the test signal source can be configured to provide two 
RF signals: one at 120 MHz and one at 121 MHz. A filter with a passband ranging 
from 824 MHz to 849 MHz can be used. For example, a filter from the cellular phone 
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industry can be used. In this case, a seventh order intermodulation product (6*120 + 
1*121 = 841) can be generated by the plasma and used as a plasma ignition signal. 
[0085] FIG. 7 illustrates a method for monitoring a material processing system 
according to an embodiment of the present invention. Procedure 700 begins in 710. 
[0086] In 720, at least two RF test signals (F1 and F2) can be provided. RF test 
signals can be provided using a number of different techniques to insert the test 
signals into a process chamber. For example, RF test signals can be inserted using 
one or more antennas coupled to the process chamber, or RF test signals can be 
inserted along with the RF bias signal using at least one of an upper assembly 
component, and a substrate holder component. 

[0087] In 730, a filter/detector can be provided. A filter/detector can be provided in a 
number of different locations in a processing system. For example, a filter/detector 
can be coupled to at least one of a process chamber component, an upper assembly 
component, and substrate holder component. Alternately, a filter/detector can be 
coupled to a monitoring port or another input port. 

[0088] In 740, plasma can be created and intermodulation products are generated 
that are related to the two RF test signals. For example, intermodulation products 
can be generated according to the following (n*F1 +/- m*F2). 
[0089] In 750, at least one intermodulation product can be detected to determine 
when plasma has been generated. For example, a 5 th order or a 7 th order 
intermodulation product can be detected. 

[0090] In 760, a query can be performed to determine if a plasma has been created 
and the process can continue. Procedure 700 ends in 770. 
[0091] Although only certain exemplary embodiments of this invention have been 
described in detail above, those skilled in the art will readily appreciate that many 
modifications are possible in the exemplary embodiments without materially 
departing from the novel teachings and advantages of this invention. Accordingly, all 
such modifications are intended to be included within the scope of this invention. 



